A small membrane-peripheral region close to the active center determines regioselectivity of membrane-bound fatty acid desaturases from Aspergillus nidulans.
Fatty acid desaturases catalyze the introduction of double bonds at specific positions of an acyl chain and are categorized according to their substrate specificity and regioselectivity. The current understanding of membrane-bound desaturases is based on mutant studies, biochemical topology analysis, and the comparison of related enzymes with divergent functionality. Because structural information is lacking, the principles of membrane-bound desaturase specificity are still not understood despite of substantial research efforts. Here we compare two membrane-bound fatty acid desaturases from Aspergillus nidulans: a strictly monofunctional oleoyl-Delta12 desaturase and a processive bifunctional oleoyl-Delta12/linoleoyl-omega3 desaturase. The high similarities in the primary sequences of the enzymes provide an ideal starting point for the systematic analysis of factors determining substrate specificity and bifunctionality. Based on the most current topology models, both desaturases were divided into nine domains, and the domains of the monofunctional Delta12 desaturase were systematically exchanged for their respective corresponding matches of the bifunctional sister enzyme. Catalytic capacities of hybrid enzymes were tested by heterologous expression in yeast, followed by biochemical characterization of the resulting fatty acid patterns. The individual exchange of two domains of a length of 18 or 49 amino acids each resulted in bifunctional Delta12/omega3 activity of the previously monofunctional parental enzyme. Sufficient determinants of fatty acid desaturase substrate specificity and bifunctionality could, thus, be narrowed down to a membrane-peripheral region close to the catalytic site defined by conserved histidine-rich motifs in the topology model.